We present an efficient method for minimal model generation. The method employs branching assumptions and lemmas so as to prune branches that lead to nonminimal models, and to reduce minimality tests on obtained models. Branching lemmas are extracted from a subproof of a disjunct, and work as factorization. This method is applicable to other approaches such as Bry's constrained search or Niemelä's groundedness test, and greatly improves their efficiency. We implemented MM-MGTP based on the method. Experimental results with MM-MGTP show a remarkable speedup compared to MM-SATCHMO. 
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MM-MGTP MM-MGTP
. 1 T
S N 1 N 2 T L i N i T i N i T (i = 1, 2) 12(a) N 2 L 1 N 3 N 3 (T ) T 3 12(b) M M ⊆ M T 1 M T 1 N 1 , N 2 , . . . I i T N i N 1 = N 1 L 1 ∈ I 1 L 1 ∈ M I 1 ⊆ M ∀i(1 ≤ i ≤ n). (I i ⊆ M ) N 1 , N 2 , . . . , N n N n+1 N n ( ) × M N n ( ) ⊗ N n (N n ) N n Γ n → L n 1 ∨ . . . ∨ L n mn I n |= Γ n I n |= L n 1 ∨ . . . ∨ L n mn I n ⊆ M M M |= Γ n M |= L n 1 ∨ . . . ∨ L n mn ∃i(1 ≤ i ≤ m n ) L n i ∈ M k n L n kn ∈ M N n+1 N n L n kn L n kn ∈ I n+1 I n+1 ⊆ M N n M I n M lim i→∞ I i ∀i(1 ≤ i). (I i ⊆ M ) M ⊆ M ✷ T 3 [Letz 94] 4 . 1 ≺ N 1 N 2 N 1 ≺ N 2 N 2 N 1 4 . 2 T T ≺ L 1 N 3 L 1 N 1 (1) N 3 N 1 N 2 (2) N 2 ≺ N 1 N 3 ≺ N 1 ≺ N 2 N 3 N 1 N 3 N 1 12(d) 4 . 3 MGTP ( 1) 4 . 1 4 . 1 S S M M [Bry 96] 4 . 1 L 1 , . . . , L m N 1 , . . . , N m L i j(i < j ≤ m) N j ≺ N i N j (i < j ≤ m) [[¬L i ]] N i ≺ N j MM-MGTP 4 . 2 S T S M S M T 4 . 2 S T S N 1 N 2 T T i N i M i T i (i = 1, 2) N 2 ≺ N 1 M 1 ⊆ M 2 N i L i (i = 1, 2) 12(a) N 2 ≺ N 1 (1) N 1 ≺ N 2 (2) N 1 N 2 ≺ (1) L 1 ∈ M 2 T 2 L 1 N 1 L 1 ∈ M 1 M 1 ⊆ M 2 (2) L 1 ∈ M 2 ✟ ✟ N 1 : L 1 T 1 ✁ ✁ ✁ ❆ ❆ ❆ · · · ❍ ❍ N 2 : L 2 T 2 ✁ ✁ ✁ ❆ ❆ ❆ (a) N 2 : L 2 . . . N 3 : L 1 T 3 ✁ ✁ ✁ ❆ ❆ ❆ (b) N 1 : L 1 ✟ ✟ L 1 1 · · · L 1 i · · · ❍ ❍ L 1 n 1 (c) ✟ ✟ N 1 : L 1 T 1 ✁ ✁ ✁ ❆ ❆ ❆ · · · ❍ ❍ N 2 : L 2 . . . N 3 : L 1 ◗ ◗ ◗ ❦ (d) 12 4 . 1, 4 . 2 4 . 2 T 2 L 1 M 1 ⊆ M 2 ✷ 4 . 2 (1) N 2 ≺ N 1 M 2 M 1 (2) N 2 ≺ N 1 M 2 M 1 MM-MGTP (1) (2) N 1 N 2 N 1 ≺ N 2 [[¬L 1 ]] N 2 4 . 2 M 1 M 2 MM-MGTP M 2 ⊆ M 1 4 . 3 T M 1 T M 2 T M 1 M 2 ⊆ M 1 P Mi M i (i = 1, 2) N 1 N 2 P M1 P M2 L i N i (i = 1, 2) M 2 ⊆ M 1 L 2 ∈ M 1 L 2 N L2 P M1 N L2 N 2 M 1 T M 2 ⊆ M 1 ✷ 4 . 2 4 . 3 MM-MGTP 4 . 4 S T S M T L ∈ M N L M L M p ⊆ M L ∈ M p N L ≺ N N M p M L 1 ∧ . . . ∧ L m → C Mp L i ∈ M p (i = 1, . . . , m) 4 . 4 S M S S Mp = S ∪ M ∪ {C Mp * 6 } M = {¬L | L ∈ M } (Only-if part) M S M M 3 (1) M \ M = ∅ (2) M = M (3) M ⊂ M (1) M M (2) M C Mp (3) M S S Mp S Mp (If part) T S M M ⊆ M S M T P M , P M M, M N, N T N P M N P M L, L N, N N ≺ N M L ∈ M L C Mp M ⊆ M M M S Mp S Mp N ≺ N L P M L ∈ M L ∈ M M ⊆ M M ✷ 5. 5 1 MM-MGTP MM-MGTP Java MGTP[ 98, 99, 00] Acell [ 99, 00] Acell Acell Acell Acell boolean Acell Acell active(inactive) active(inactive) Acell * 6 Mp = ∅ L 1 ∧ . . . ∧ Lm → M active(inactive) Acell M (ac) (asm/lem) Acell Acell boolean d = L 1 ∨ . . . ∨ L n L i (1 ≤ i ≤ n) asm par-Acell d active d [¬L 1 ] ∧ . . . ∧ [¬L n ] L i L i asm Acell inactive L i L j (i + 1 ≤ j ≤ n) ac, asm active Acell L j asm used-Acell active Acell L i L j asm used-Acell L i L i lem par-Acell L i+1 , . . . , L n [[¬L i ]] L i ac, lem active Acell MM-MGTP mchk M L M L ac L active L ∈ M L ∈ M mchk mchk active M M 5 2 MM-MGTP MM-SATCHMO MGTP MM-MGTP 4 (Rcmp+BL / Rcmp) (Mchk+BL /1 ex1 S n = {→ a k ∨ b k ∨ c k ∨ d k ∨ e k ∨ f k ∨ g k ∨ h k ∨ i k ∨ j k | k = 1, . . . , n} MM-SATCHMO ex1 MG 10 ex2 S n = {a i−1 → a i ∨ b i ∨ c i , b i → a i , c i → b i | i = 2, . . . , n} ∪ {→ a 1 } ex2 MG ex3 T 1 = {→ a 1 ∨ b 1 , a 1 → b 1 , b 1 → a 2 ∨ b 2 , a 2 → b 2 ∨ d 1 } T 2 = {b 2 → a 3 ∨ b 3 , a 3 → a 2 ∨ c 2 , a 3 ∧ a 2 → b 3 ∨ d 2 , a 3 ∧ c 2 → b 3 ∨ d 2 } T j = {b j → a j+1 ∨ b j+1 , a j+1 → a j ∨ c j , c j → a j−1 ∨ c j−1 , a j+1 ∧ a 2 → b j+1 ∨ d j , a j+1 ∧ c 2 → b j+1 ∨ d j } (j ≥ 3) S n = n i=1 T i ex3 MG ex2 ex4 S a = {→ a i ∨ b i ∨ c i ∨ d i ∨ e i | i = 1, . . ., 4} ∪ {a 3 → a 2 , a 4 → a 3 , a 1 → a 4 } ex5 S abcd = S a ∪ {b 3 → b 2 , b 4 → b 3 , b 1 → b 4 } ∪ {c 3 → c 2 , c 4 → c 3 , c 1 → c 4 } ∪ {d 3 → d 2 , d 4 → d 3 , d 1 → d 4 } ex4
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